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WDM OPTICAL COMMUNICATION
SYSTEM

The mvention relates to a technology of a wavelength
division multiplexed. (WDM, hereinafter) optical signal
transmission, and especially to a WDM optical communi-
cation system. In which plural optical signals are simulta-
neously transmitted through a single fiber with the same
transmission power levels.

BACKGROUND OF THE INVENTION

In recent years, a WDM optical communication system, in
which plural optical signals with different wavelengths are
multiplexed and transmitted through the same optical trans-
mission line, have being vigorously developed as means for
epochally increasing the transmission capacity of the optical
transmission line.

In order to extend the transmission distance of the WDM
optical communication system, 1t 1s mdispensable that the
levels of the transmitting optical signals are high and
equalized, and strenuous efforts have been made to meet the
aforementioned requirement. For example, in one of
approaches to the subject, optical variable attenuators are
respectively connected with the output ports of the signal
light sources, and the levels of the optical signals are
equalized by adjusting the optical variable attenuators, but
the high transmitting powers cannot be achieved. In the
other approach, optical fiber amplifiers are respectively
connected with the output ports of the signal light sources,
and the levels of the optical signals are equalized by adjust-
ing the gains of the optical fiber amplifiers. According to this
system, the problems mentioned 1n the beginning can be
solved, but the system 1s magnified and high-priced. Then,
it 1s extremely desirable to decrease the number of the
optical fiber amplifiers.

SUMMARY OF THE INVENTION

Accordingly, 1t 1s an object of the invention to provide a
WDM optical communication system, which transmits opti-
cal signals with equalized levels and 1s small-sized and
low-priced.

According to the feature of the invention, a WDM optical
communication syntax comprises:

a first stage optical amplifier for collectively amplifying
WDM optical signals,

means for demulitplexing an output of the first stage
optical amplifier into plural groups of one or more
optical signals,

plural second stage optical amplifiers for respectively
amplifying outputs of the means for demulitplexing the
output of the first stage optical amplifier, and

means for multiplexing outputs of the plural second stage
optical amplifiers.

BRIEF DESCRIPTION OF THE DRAWINGS

The 1nvention will be explained 1n more detail 1n con-
junction appended drawings, wherein:

FIG. 1 1s an example of conventional WDM optical
communication systems,

FIG. 2 shows another example of the conventional WDM
optical communication systems,

FIG. 3 shows the other example of the conventional
WDM optical communication systems,

FIG. 4 shows a foundation of the preferred embodiments
of the 1nvention,
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FIG. § shows another embodiment of the invention,

FIG. 6 shows the other embodiment of the invention,

FIG. 7 shows a block digram showing another embodi-
ment of the invention.

FIG. 8 shows numerical values of the output signal levels
in the embodiment shown 1 FIG. 7 as a function of a
wavelength of an optical signal,

FIG. 9 shows an example of the wavelength dependency
of the gain of the optical fiber amplifier 1, and

FIG. 10 shows a modification of the embodiment shown
in FIG. 4.

DESCRIPTION OF THE PREFERREI
EMBODIMENT

Before explamning an WDM optical communication sys-
tem 1n the preferred embodiments according to the
invention, the aforementioned conventional WDM opftical

communication system will be explained referring to FIGS.
1 to 3.

In the WDM optical communication system, it 1S very
important that the levels of the optical signals are as high as
possible and equalized 1in order to extend a transmission
distance as long as possible. In order to equalize the levels
of the optical Signals, the method shown 1mn FIGS. 1 to 3
have been conventionally adopted.

(1) In a method shown in FIG. 1, the output 2 of the signal
light sources 11 to 14 are multiplexed by couplers 71 to
73, and the signal light sources 11 to 14 are respectively

adjusted so that the levels of the optical signals are

equalized at the output part of the coupler 73.

(2) In a method shown 1n FIG. 2, optical variable attenu-
ators 51 to 54 are respectively connected with the
output ports of the signal light sources 22 to 24, and so
adjusted that the optical signal levels are equalized at
their output ports. Then, the outputs of the optical

variable attenuators 51 to 54 by multiplexed by cou-
plers 71 to 73.

(3) In a method shown in FIG. 3, optical amplifiers, such
as optical fiber amplifiers, 21 to 24 are respectively
connected with the output ports of the signal light
sources 11 to 14. The outputs of the optical amplifiers
21 to 24 are multiplexed by a coupler 74. The gains of
the optical amplifiers 21 to 24 are respectively adjusted
so that the levels of the optical signals are equalized at
the output parts of the coupler 74.

However, in the methods shown in (1) and (2), the
respective optical signal levels are adjusted based on the
minimum level in them, so that high transmitting powers
cannot be obtained. Moreover, in the method shown in (3),
since each of the signal light sources 1s provided with the
optical amplifier, the system 1s magnified and high-priced.

A similar problem arises 1n case that the WDM opftical
signals are collectively amplified by an optical fiber
amplifier, and unevenness of the amplified optical signal
levels caused by the wavelength dependency of the optical
fiber amplifier 1s tried to be corrected.

FIGS. 4 to 6 respectively show preferred embodiments of
the 1nvention. The preferred embodiments will be explained
for a case, where the number of optical signals to be
multiplexed 1s eight.

FIG. 4 shows the first preferred embodiment of the
immvention, which 1s a foundation of other embodiment.

In this embodiments, the wavelengths of the eight 1nput
optical signals are respectively *1 to *8, where 1 <2

3NS5 M6<MT <8, An optical fiber amplifier 1 collec-
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tively amplifies the WDM optical signals with the multi-
plexed density of eight. A multiple splitter 2 splits the cutout
of the optical fiber amplifier 1 1nto four groups of the WDM
optical signals. Optical band pass filters 31 to 34 respec-
fively pass the optical signals with the prescribed widths of
the wavelengths. The outputs of the optical band pass filters
31 to 34 are respectively amplified by optical fiber amplifiers
41 to 44, the outputs of which are multiplexed by a multiple
coupler 5.

As shown FIG. 9, the gain of the optical fiber amplifier 1
1s not flat in general, when expressed as a function of the
wavelength of the optical signal. Accordingly, when the
plural optical signals are collectively amplified by the opti-
cal fiber amplifiers, the output levels of the optical signals
are expressed as a function the wavelength of the optical
signal in came that the spectrums of the input optical signals
are flat.

In this embodiment, the WDM optical signals composed
of the eight optical signals with the wavelengths *1 *8 are
divided into the four groups of the optical signals with the
prescribed band widths of the wavelengths, which are
respectively amplified and adjusted by the four optical fiber
amplifiers 41 to 44. In this way, the levels of the respective
optical signals are equalized.

The multiple splatter 2 splits the WDM optical signals
composed of the eight optical signals with the wavelengths
of 1 to 8 into the four groups of the optical signals, which
are respectively supplied to the optical band pass filter 31 to
34. Tho passing bands of the optical band pass filters 31 to
34 respectively correspond to 1solated optical signals or
plural optical signals with neighboring wavelengths, and the
optical signals passing therethrough are respectively sup-
plied to the optical fiber amplifiers 41 to 44. In the present
example, since the number of the wavelengths of the optical
signals 1s eight and that of the optical band pass filters in
four, the numbers of the optical signals passing through the
optical band pass filters are one to five.

In the system shown In FIG. 7, a fiber Bragg grating
optical filter or a dielectric optical filter can be used as the
optical band pass filter. The fiber Bragg erating optical filter
1s composed of the fiber Brage grating, which reflects an
optical signal with a particular wavelength, and an optical
circulator, where the fiber Bragg grating 1s an optical fiber
having a clad, a refractive index of which 1s expressed as a
periodic function in the longitudinal direction. The dielectric
optical filter 1s formed of S10., or MgOQO.,.

Next, the gains of the optical fiber amplifiers 41 to 44 are
respectively controlled, so that all the optical signals sup-
plied to the optical fiber amplifiers show the same output
levels. In other words, the output levels of the optical signals
amplified by the optical fiber amplifiers become nearly the
same by individually controlling the output levels of the
respective optical fiber amplifiers 41 to 44. The optical fiber
amplifiers 41 to 44 are formed of opfical fiber having ores
doped with small amount of rare earth metal, such as erbium,
terbium or praseodymium. Moreover, a semiconductor opti-
cal amplifier can be adopted instead of the optical fiber
amplifier. The wavelength dependencies of the gains of the
optical fiber amplifies may equally have forms shown in
FIG. 9. Or again, the aforementioned characteristic nay be
flat 1n a desired wavelength range in conformity with the
levels of the mput optical signal levels or may have such a
form that unevenness of the input optical signal levels can be
canceled.

The outputs of the optical fiber amplifiers 42 to 44 are
multiplexed by the coupler 5 and supplied to a single optical
transmission line.
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FIGS. 5 and 6 respectively show the other pretferred
embodiments of the invention. In addition to the system
shown 1n FIG. 4, the systems shown 1 FIGS. 5 and 6 are
respectively provided with the optical band filters for sup-
pressing noises caused by spontanecous emission and
improving the S/N ratios.

In the system shown 1n FIG. 5, the optical band pass filters
61 to 64 arc respectively inserted between the optical fiber
amplifiers 42 to 44 and the Multiple coupler §.

In the system shown FIG. 6, an optical band pass filter 7
1s connected with the output part of the multiple coupler 5.

Next, the embodiment of the mnvention will be explained
concretely. FIG. 7 shows the structure of the embodiment,

and the wavelengths *1 to 8 of the optical signals generated
by the signal light sources are set as follows.

*1 : 1530 nm
A2+ 1536 nm
A3+ 1540 nm
*4 : 1545 nm
A5+ 1547 nm
*6 : 1549 nm
A7+ 1556 nm
A8 : 1558 nm

In order to adjust the levels of the respective optical
signals, the optical band pass filters are so adjusted that, the
optical band pass filter 32 passes the optical signal of the
wavelength 1, the optical band pass filter 32 passes the
optical signals of the wavelengths of 2 and 3, the optical
band pass filter 33 passes the optical signals of the wave-
lengths of ™4, 5, and "6, and the optical band pass filter 34
passes the optical signals of the wavelength of *7 and *8.
The level of the gross of the optical signals, which have
passed the optical band pass filters, are separately adjusted
by the optical fiber amplifiers and equalized as whole.

The passing band of the optical band pass filter 31, which
passes the optical signal of the wavelength *1 is set to be
1530+2 nm. The passing band of the optical band pass filter
32, which passes the optical signals of the wavelengths of 2
and "3, is set to be 1535 to 1541 nm. The passing band of
the optical band pass filter 33, which passes the optical
signals of the wavelengths ™4 to 6, is set to be 1544 to 1550
nm. The passing band of the optical band pass filter 34,
which passes the optical signals of the wavelengths *7 and
8, is set to be 1555 to 1559 nm.

The gains of the optical fiber amplifiers 42 to 44, which
respectively amplifies the outputs of the optical band pass
filters 31 to 34, are controlled based on the wavelength
dependency of the gain of the optical fiber amplifier shown
in FI1G. 9. All the optical fiber amplifiers comprise the optical
fibers having the cores doped with erbium, rare earth metal,
and the wavelength dependency of the gains of them are the
same. The wavelengths of the plural optical signals to be
amplified by the same optical fiber amplifier are so selected
that the output signal levels are equalized 1n consideration of
the wavelength dependent characteristic of the gain of the
optical fiber amplifier shown 1 FIG. 9.

1x4 fiber fused couplers are used an the multiple splitter
2 and the multiple coupler 5. The optical band pass filters,
which are respectively composed of the fiber Bragg eratings
and the optical circulators, are used as the optical band pass
filters 31 to 34.

The output power level of the optical fiber amplifier 1 and
the gains of the optical fiber amplifiers 41 to 44 are respec-
tively tabulated 1n table 1, and thereby the power levels of
the output signals can be equalized.
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TABLE 1
OouUTPUT GAIN OF
POWER OPTICAL
OF OPTICAL FIBER
FIBER AMPLIFIER OUTPUT POWER
WAVELENGTH AMPLIFIER 4144 LEVEL
(nm) (dBm) (dB) (dBm)
Al: 1530 +12.8 dBm +20.0 18.8
A2 1536 +8.0 dBm +24.8 18.8
A3: 1540 +8.0 dBm +24.8 18.8
Ad: 1545 +9.8 dBm +23.0 18.8
AS: 1547 +9.8 dBm +23.0 18.8
AbG: 1549 +9.8 dBm +23.0 18.8
A7 1556 +11.2 dBm +21.6 18.8
A8: 1558 +11.2 dBm +21.6 18.8

In this embodiment, as mentioned 1n the above, the optical
signals with the different wavelengths are divided into
several groups comprising 1solated or neighboring optical
signals by the four optical band pass filters, and the optical
signals belonging to the same groups are separately ampli-
fied by the different optical fiber amplifiers 41 to 44 and
multiplexed by the coupler 5. In this way, the output levels
of the respective optical signals cam be equalized.

FIG. 8 shows the levels of the optical signals (shown by
black squares), which are obtained an the condition men-
fioned 1n the above, as a function of the wavelength of the
optical signals. Curves shown by broken lines are added
thereto for convenience of comprehension of the principle of
the 1nvention.

A WDM coupler can be adopted as the multiple splitter 2
or the multiple coupler 5 instead of the fiber fused coupler,
as shown 1n FIG. 10. Moreover, the dielectric optical filter
can be adopted as a optical band pass filter instead of an
optical filter composed of a fiber Bragg grating and an
optical circulator. It should be noted that S/N ratios of the
optical signals transmitted through the system shown 1n FIG.
10 can be improved by adding one or more optical band pass
filters thereto similarly to the cases shown 1n FIGS. 5 and 6.

In this embodiment, 1t 1s advisable to allocate optical band
pass filters nearby the multiple coupler 1n order to suppress
spontancously emitted lights from the optical fiber amplifi-
ers. For example, 1n the system shown 1n FIG. 5, the output
ports of the optical fiber amplifiers 41 to 44 are respectively
connected with the optical band pass filters 61 to 64 having
the same characteristics as those of the optical band pass
filters 31 to 34, which suppress spontaneously emitted lights
with the wavelengths lying in the outside of the passing
bands of the optical band pass filters 61 to 64. In the system
shown 1n FIG. 6, the output part of the multiple coupler 5 1s
connected with a optical band pass filter 7, which transmits
a ligcht having the wavelength 1 to *8 and suppresses
undesired spontaneously emitted lights. Since both the
aforementioned systems suppress the spontaneously emitted
lights, they contribute to improvements of S/N ratios 1n the
optical communication.

In the aforementioned embodiment of the invention, the
number of the wavelengths of the optical signals 1s eight,
and the optical signals are divided into several groups
comprising 1solated or neighboring optical signals by the
four optical band pass filters. However, the numbers of the
wavelengths and the optical band pass filters can be selected
at will and combined with each other.

In the WDM optical communication system according to
the mvention, since the levels of the groups of the plural
optical signals are respectively and collectively adjusted in
order to make themselves uniform, the transmitting levels of
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6

the optical signals can be equalized by using the optical band
pass lilters and the optical fiber amplifiers, the numbers of
which are respectively smaller than that of the optical
signals, and can be increased up to the sufficiently high
values.

Moreover, according to the invention, the optical fiber
amplifier can be used for the optical communication even 1n
a wavelength range, in which the wavelength dependency of
its gain 1s not {flat.

Accordingly, the number of the optical fiber amplifiers
necessary for adjusting the levels of the optical signals can
be decreased, so that the system can be small-sized and
low-priced, and the WDM optical communication over a
wide rang of the wavelength becomes practical.

Although the invention has been described with respect to
specific embodiment for complete and clear disclosure, the
appended claims are not to be thus limited but are to be
construed as embodying all modification and alternative
constructions that may be occurred to one skilled in the art
which fairly fall within the basic teaching here 1s set forth.

What 1s claimed 1s:

1. A wavelength division multiplexed (WDM) communi-
cation system comprising;:

a first stage optical amplifier for collectively amplifying

WDM optical signals;

means for demulitplexing an output of said first stage
optical amplifier into plural groups of one or more
optical signals, said plural groups of optical signals
having varying power levels;

a first plurality of optical band pass filters comprising one
of fiber Bragg grating optical filters and dielectric
optical filters, for filtering said plural groups of one or
more optical signals;

plural second stage optical amplifiers for respectively
amplifying said plural groups of one or more optical
signals with a gain such that each of said plural groups
has a same power level;

a second plurality of optical band pass filters comprising
one of fiber Bragg gratings, optical filters and dielectric
optical filters for filtering said plural groups of one or
more optical signals output from said plural second
stage optical amplifiers; and

means for multiplexing outputs of said second plurality of

optical band pass filters.

2. A WDM optical communication system according to
claim 1, wherein said means for demultiplexing said output
of said first stage optical amplifier comprises a first WDM
coupler.

3. A WDM optical communication system according to
claim 1 wherein said means for multiplexing comprises a
WDM coupler.

4. A WDM optical communication system according to
claim 1, wherein said means for demultiplexing said output
of said first stage optical amplifier comprises a multiple
optical splitter.

5. A WDM optical communication system according to
claim 1, wherein said first and second stage optical ampli-
fiers are respectively optical fiber amplifiers comprising
optical fibers provided with cores doped with rare earth
metal.

6. A wavelength division (WDM) communication system
for equalizing power levels of optical signals, comprising:

an 1mput optical fiber carrying a plurality of WDM optical
signals;
a multiple splitter for spitting said WDM optical signals

into a plurality of optical signals at various power
levels;
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a first plurality of optical band pass filters comprising one a multiple coupler for combining said output of each of
of fiber Bragg grating optical filters and dielectric said optical power amplifiers onto an output optical
optical filters, for filtering said plural of optical signals; fiber

a plurality of optical power amplifiers for multiplying 7. A wavelength division multiplex (WDM) communica-

cach of said plurality of optical signals by a gain, 2
wherein the gain causes an output of each of said
optical power amplifiers to have a same power level;

tion system for equalizing power levels of optical signals as
recited 1n claim 6 wherein said plurality of optical power
amplifiers comprise an optical fiber doped with rare earth

a second plurality of optical band pass filters comprising o _ _
metal selected from the group consisting of erbium, terbium,

one of fiber Bragg grating optical filters and dielectric
optical filters for filtering said plural groups of one or 1Y and praseodymium.

more optical signals output from said plurality of

optical power amplifiers; and £ % % k%
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